1. Let p be a prime and S a cohomology n-spherel over Z, (the integers mod p).
Let 7ra be an abelian group of order pa and type (p,. . ,p) acting effectively on S to form a transformation group (S, 7ra) . Let 5, be the 7ra-free part of S, that is, the union of orbits of cardinality pa. For 7rb C ira, denote by F(i7r,) the fixed-point set of irb. F(irb) is a cohomology sphere over Zp. Let n(irb) = dimp F(7rb). Then n(irb) . n and if p # 2, n -n(7r1) is even. Cyclic subgroups 7r1 of ra which are not in Drb act effectively on F(ir). If U is irb-invariant, denote by P(U, AOb) = P(U, rbs, t) the Poincar6 polynomial of the cohomology of the orbit space U/irb over Zp.
It is known' that for a = 1, P(Sf, 7r,) = P(n(7r,) + 1, n) (1.1) where P(h, k) = th + th+l +... + tk. We conjecture that if a > 2, then for any subgroup ira-1 Of ira, (1 - 
where,2 in P(Af,IL), A, means the p free part of A. Since 7ra is abelian, Ia-i acts on (Fir,) .
We shall sketch a proof for the case a = 2. It can be shown that for a . 2, (1.2) implies the relations E (nf(7ra-1) -nf(7ra)) = n-n(7ra) (1.3) Ta 1C 7a
which have been established by Borel.' From now on take a = 2 and denote i2 by ir. The subgroups 7ra-1 = ir, are cyclic, p + 1 in number; denote them by a = a,, a,,..., ap+1. Let n, = n(ai), no = n(7r). The formula to be proved is p + 1
which, as a consequence of (1.1) and the fact that the fixed-point set of ai (i > 2) acting on F(a) is precisely F(7r), can be written p + 1
(1 -t)P(Sf, 7r) = Ej P(n, + 2, n, + 1) -tP(n, + 1, n) (1.4)
The following explicit formula can be obtained readily from (1. Then pz represents the image of u in Hp , hence it also represents the image of u under the composition map. Since Hn = Zp, 13 acts trivially on Hn, hence pz cobounds, so pz represents the zero of H .
4. The cohomology of Sf/a. Let U,, Uh denote the 7r-free and a-free parts of U (see §1). From now on the index i will be restricted to the range 2,. . ., p + 1.
Let Fi = Fh(aJ), F = u F. One sees that the Fi are disjoint and so H(F/a) = ZH(F/ca), direct sum. Moreover, S, = S -F, Sf/a = Sh/a -F/a. Using (1.1), the cohomology sequence for the pair (S1,/a, F/a) yields H(Sf/a) = 1H + z 'H; 1H = i*H(S,/a); iH = 6*I(Fi/a) (4.5) where i* is an isomorphism and 6*, the connecting homomorphism, raises dimensions by 1 and is injective. The easiest way to verify this is to assume that n < nl which is permissible since the final result (1.4) ' is independent of the order of the a's.
5. There is a natural effective action of 8 = 7r/a on Sf/a and it is readily verified that the fixed-point set of 13 is F/a. We assert that each element w of 'H contains a cocycle which 1-invariant. It is sufficient to show that w E pr* H((Sf/a)/13) where pr is the natural mapping Sf/a -(S,/a) /I and this last follows from the commutative PROC. N. A. S. i = 21, ,y p + 1, (7.2) where c8 e H8 (Ca), fl + 1 e HI1 + 1 (Sf) 2iUn + 2 e n + 2 (S). There exists7 in the algebra H(C') = H(a) an element v = v(s) of degree n -ni -1 -s such that vc is a nonzero element of degree n --1 (when p # 2, this depends on the fact that n -ni is even so that one of the integers s, n ni -1 -s is even 9. Determination of C and E. Referring to the base (7.1) (7.2) we assert that P*y8* nl P + +1 $£ 0; P*(iys + no + 2) = 0.
(9.1) Suppose p*y +
